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(54) FLIGHT EFFICIENCY IMPROVING SYSTEM FOR COMPOUND HELICOPTER

(57)  Provided is a flight efficiency improving system
for a compound helicopter (1) comprising a rotor (3) and
fixed wings (4). In forward flight of the compound heli-
copter (1), the flight efficiency improving system does not
perform a cyclic pitch control of the rotor (3) so as to allow
a difference in lift generated by the rotor (3) between an
advancing side and a retreating side of the rotor (3), or

the flight efficiency improving system performs the cyclic
pitch control to an extent that does not completely elim-
inate the difference. The fixed wings (4) are provided
respectively on left and right sides of a body (2) and are
asymmetric to each other so that influence of an aerody-
namic interference between the rotor (3) and the fixed
wings (4) is reduced.
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Description
BACKGROUND

[0001] The presentinvention relates to a flight efficien-
cy improving system for a compound helicopter with a
rotor and fixed wings.

[0002] Alotofresearch hasbeenconducted onacom-
pound helicopter with a rotor and fixed wings on the both
sides of the body (for example, see JP H03-121 996 A).
[0003] Lift that supports the weight of the compound
helicopter is generated by the rotor in hovering, while in
forward flight it is generated by the fixed wings as well
as the rotor.

[0004] Various types of compound helicopters have
been introduced thus far. Some compound helicopters
use part of the lift by the rotor as thrust by tilting forward,
and others gain thrust from a propeller or a jet engine on
the body or the fixed wings in forward flight (for example,
see TANABE, Y. (February 2019), "Aviation New Field
Creation Program: Innovative Rotorcraft Technology", in
Aviation Engineering, No. 767, pp.30-40, Japan Aero-
nautical Engineers’ Association.).

[0005] The object underlying the present invention is
to provide a flight efficiency improving system for a com-
pound helicopter, which canimprove efficiency in forward
flight in a compound helicopter with a rotor and fixed
wings.

SUMMARY

[0006] An aspect of the present invention provides a
flight efficiency improving system for a compound heli-
copter with a rotor and fixed wings.

[0007] Inforward flight of the compound helicopter, the
flight efficiency improving system does not perform a cy-
clic pitch control of the rotor so as to allow a difference
in lift generated by the rotor between an advancing side
and a retreating side of the rotor, or the flight efficiency
improving system performs the cyclic pitch control to an
extent that does not completely eliminate the difference.
[0008] The fixed wings are provided respectively on
left and right sides of a body and are asymmetric to each
other so that influence of an aerodynamic interference
between the rotor and the fixed wings is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The accompanying drawings are not intended
as a definition of the limits of the invention but illustrate
embodiments of the invention, and together with the gen-
eral description given above and the detailed description
of the embodiments given below, serve to explain the
principles of the invention, wherein:

FIG. 1 shows an example of a compound helicop-
ter according to an embodiment of the in-
vention;
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FIG. 2 shows a relation between a rotational direc-
tion and an advancing/retreating direction;
shows an airflow around an advancing
blade in a cyclic pitch control;

shows an airflow around a retreating blade
in the cyclic pitch control;

is a back view a conventional compound
helicopter and shows a magnitude of down-
wash from a rotor and a magnitude of lift
generated by each of fixed wings on the left
and right;

is an explanatory drawing showing that lift
of afixed wing on the retreating side is great-
er due to an aerodynamic interference, pro-
ducing a rolling moment in a conventional
compound helicopter;

shows an exemplary configuration 1 of a
fixed wing on the advancing side in which a
wingspan is shortened;

is an exemplary configuration 2 of a fixed
wing on the advancing side in which a wing
cord is shortened;

is an exemplary configuration 3, in which air-
foils are different between fixed wings on
the advancing side and the retreating side;
shows the airfoil with a flap raised;

shows the airfoil with a flap lowered;
shows a magnitude of lift generated by each
of fixed wings on the advancing side and on
the retreating side, with the fixed wings 4A
and 4B on the right and left being asymmet-
ric to each other;

is an explanatory drawing showing that a
moment due to the liftgenerated by the fixed
wings and a moment due to the lift generat-
ed by the rotor are in directions to cancel
each other out;

shows lift generated by fixed wings and a
rotor in a conventional compound helicop-
ter; and

is an explanatory drawing showing that lift
by the fixed wings is reduced by downwash
from the rotor, requiring greater lift by the
rotor.

FIG. 3A

FIG. 3B

FIG. 4

FIG. 5

FIG. 6A
FIG. 6B
FIG. 7A

FIG. 7B
FIG.7C
FIG. 8

FIG. 9

FIG. 10A

FIG. 10B

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Asdescribedinthe Background,inacompound
helicopter, lift is provided by both a rotor and fixed wings
in forward flight. However, being affected by the aerody-
namic interference (downwash) from the rotor, the aer-
odynamic performance of the fixed wings is reduced from
its optimal (thatis, liftis decreased and dragis increased).
[0011] A brief explanation is shown below regarding
this point.

[0012] For example, assume that a fixed wing 101 can
generate lift A with its optimal aerodynamic performance
and that a rotor 102 can generate lift B with its optimal in
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a compound helicopter 100, as shown in FIG. 10A.
[0013] When the rotor 102 is rotated in the compound
helicopter 100, downwash is caused by rotation of the
rotor 102 toward the fixed wing 101, as shown in FIG.
10B.

[0014] Then, though in reality various phenomena are
intricately involved, the downwash from the rotor 102
generates turbulence in the airflow on the upper surface
side of the fixed wing 101, to put it simply.

[0015] As drag is increased along with a decrease in
the lift A of the fixed wing 101 (that is, the aerodynamic
performance of the fixed wing 101 is reduced from its
optimal), a lift-drag ratio of the entire airframe is reduced.
[0016] In order to compensate for a decrease in the lift
A of the fixed wing 101, the lift B of the rotor 102 need to
be increased as shown in FIG. 10B, which requires ad-
ditional power.

[0017] As shown above, in a conventional compound
helicopter, the flight efficiency of the entire airframe is
reduced as additional power is required in the rotor due
to a reduction in the lift-drag ratio (L/D) of the entire air-
frame.

[0018] The present invention has been conceived in
view of the above, and has an object of providing a flight
efficiency improving system for a compound helicopter,
which can improve efficiency in forward flight in a com-
pound helicopter with a rotor and fixed wings.

[0019] Hereinafter, one or more embodiments of the
flight efficiency improving system for the compound hel-
icopter according to the present invention are described
with reference to the drawings. Factors including, without
limitation, numerical values, shapes, materials, compo-
nents, positions of the components, and how the com-
ponents are coupled to each other are illustrative only
and not to be construed as limiting to the invention.
[0020] Further, elements in the following example em-
bodiment which are not recited in a most-generic inde-
pendent claim of the invention are optional and may be
provided on an as-needed basis. The drawings are mere-
ly schematic and are not intended to be drawn to scale.
Throughout the present specification and the drawings,
elements having substantially the same function and con-
figuration are denoted with the same numerals to avoid
any redundant description.

[0021] The up-down, front-back, and left-right direc-
tions are described according to the respective directions
in the compound helicopter.

[0022] FIG. 1 shows an exemplary configuration of the
compound helicopter in the present embodiment.
[0023] The compound helicopter 1 mainly includes a
body 2, a rotor 3, fixed wings 4, and a vertical stabilizer
5. Though not shown in the drawings, a propulsion sys-
tem such as a propeller and a jet engine may be provided
on the body 2 (on its front, rear, or side), the fixed wings
4, or the like, and a tail rotor or the like may also be
provided.

[0024] The number of blades of the rotor 3 of the com-
pound helicopter 1 is not limited to four as in FIG. 1.
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[0025] In the present embodiment, the fixed wings 4
are provided on the left and right side of the body 2, and
flaps 41 are respectively provided on the fixed wings 4.
Though not shown in the drawings, an aileron or the like
is provided on the fixed wings 4, and a rudder is provided
on the vertical stabilizer 5.

Problems in Deterioration of Aerodynamic Performance
in Compound Helicopter

[0026] As a result of repeated studies on deterioration
of the flight efficiency of the entire airframe due to down-
wash (aerodynamic interference) from the rotor 3 in for-
ward flight in the compound helicopter as described
above, the inventors of the present invention have found
that the problems shown below are involved in the dete-
rioration.

[0027] Hereinafter,inthe case where the rotor 3 rotates
in a direction of a circular arrow o shown in FIG. 2 in
forward flight of the compound helicopter, a blade of the
rotor 3 moving in the same direction (toward the front)
as the direction of forward flight of the compound heli-
copter is called an advancing blade 3A, and on the ad-
vancing side (the right side of the compound helicopter
in this case), each blade of the rotor 3 are turned into the
advancing blade 3A.

[0028] A blade of the rotor 3 moving in the opposite
direction (toward the back) to the direction of forward
flight of the compound helicopter is called a retreating
blade 3B, and on the retreating side (the left side of the
compound helicopter in this case), each blade of the rotor
3 are turned into the retreating blade 3B.

[0029] Therefore, each blade of the rotor 3 is cyclically
moved from the advancing side to the retreating side
along with rotation of the rotor 3 over and over.

[0030] In the case where the rotor 3 rotates in the di-
rection opposite to the arrow o shown in FIG. 2, the left
side of the compound helicopter is the advancing side,
and the right side of the helicopter is the retreating side.

Cyclic Pitch Control

[0031] Here, a cyclic pitch control of the rotor in a ro-
torcraft such as a compound helicopter is briefly ex-
plained in relation to Problem 1 described later.

[0032] As the advancing blade 3A of the rotor 3 is ro-
tated forward against the airflow blown from the front
along with forward flight of the rotorcraft, the wind speed
of the airflow against the advancing blade 3A is relatively
higher. On contrary, as the retreating blade 3B is rotated
in the same direction as the airflow blown from the front,
the wind speed of the airflow against the retreating blade
3B is relatively low.

[0033] If the pitches (angle of attach) of the advancing
blade 3A and the retreating blade 3B are mostly consist-
ent, lift is increased on the advancing side (in this case,
the right side of the rotorcraft) and is decreased on the
retreating side (in this case, the left side of the rotorcraft).
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[0034] Thus, the cyclic pitch control is performed so
that the pitch of the rotor 3 is decreased on the advancing
side (3A) as shown in FIG. 3A, and is increased on the
retreating side (3B) as shown in FIG. 3B, causing the lift
to be approximately consistent on the advancing side
and the retreating side of the rotorcraft.

[0035] The pitch of each blade of the rotary wing 3 cy-
clically repeats an increase and a decrease so that the
pitch is the minimum on the advancing side and the max-
imum on the retreating side in one rotation. The arrows
in FIGS. 3A and 3B represent airflows around the blades.

Problem 1

[0036] Inthe case where the cyclic pitch control is per-
formed in the rotor 3 in forward flight of the compound
helicopter or otherrotorcrafts, the aerodynamic efficiency
of the rotor 3 is reduced and the lift-drag ratio (L/D) of
the rotor 3 is reduced compared to the case where the
cyclic pitch control is not performed. Additional power is
required in the rotor 3 to compensate for that.

[0037] Therefore, the cyclic pitch control of the rotor 3
in forward flight is a factor of reduction in the flight effi-
ciency of the compound helicopter.

Problem 2

[0038] As described above, the aerodynamic interfer-
ence on the fixed wings 4 caused by the downwash from
the rotor 3 also reduces the flight efficiency of the com-
pound helicopter.

[0039] Thatis, inthe compound helicopter, as the rotor
3 is rotated in forward flight, the downwash toward the
fixed wings 4 caused by rotation of the rotor 3 generates
turbulence in the airflow on the upper surface side of the
fixed wings 4. The drag is thereby increased along with
the decrease in the lift by the fixed wings as a whole, a
lift-drag ratio of the entire airframe is reduced.

[0040] Additional power is required in the rotor 3 to
compensate for it, and therefore the flight efficiency of
the compound helicopter is reduced by the downwash
from the rotor 3 in forward flight of the compound heli-
copter.

[0041] In that way, the aerodynamic interference on
the fixed wings 4 caused by rotation of the rotor 3 in for-
ward flight of the compound helicopter is also a factor of
reduction in the flight efficiency of the compound helicop-
ter.

[0042] As aresult of detailed research, the present in-
ventors have made the following findings.

[0043] The presentinventors have analyzed the aero-
dynamic interference caused by the downwash de-
scribed above in detail, and found that the downwash A
from the advancing blade 3A is greater than that from
the retreating blade 3B, as shown in FIG. 4 viewed from
the back, even in the case where the lift of the rotor 3 is
adjusted so as to be mostly consistent on the advancing
side and the retreating side by the cyclic pitch control of
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the rotor 3 as described above. Refer to TANABE, Y.
(February 2019), "Aviation New Field Creation Program:
Innovative Rotorcraft Technology"”, in Aviation Engineer-
ing, No. 767, pp. 30-40, Japan Aeronautical Engineers’
Association, in this regard.

[0044] The turbulence of the airflow caused by the
downwash A from the rotor 3 on the upper surface side
of the fixed wings 4 is greater on the advancing side than
on the retreating side of the rotor 3, and lift L generated
by the fixed wing 4A on the advancing side (in this case,
the right side of the airframe) is smaller than that by the
fixed wing 4B on the retreating side (in this case, the left
side of the airframe).

[0045] In that way, the aerodynamic interference on
the fixed wings 4 by the downwash generated by rotation
of the rotor 3 affects more on the fixed wing 4A corre-
sponding to the advancing blade 3A of the rotor 3 than
on the fixed wing 4B corresponding to the retreating blade
3B of the rotor 3.

Problem 3

Moment in Rolling Direction in Forward Flight

[0046] As shown above, while studying the reduction
in the flight efficiency of the compound helicopter in for-
ward flight, the present inventors have experimentally
found that a rolling moment is generated on the airframe
in forward flight of the compound helicopter due to the
influence of the aerodynamic interference described
above.

[0047] This phenomenon is explained as follows.
[0048] Consequently, lift L4 generated by the fixed
wing 4B is greater than that by the fixed wing 4A on the
advancing side as shown in FIG. 5, affected by the aer-
odynamic interference on the fixed wings 4 caused by
the downwash generated by rotation of the rotor 3 as
described above.

[0049] The cyclic pitch control of the rotor 3 is then
performed so that lift L3 of the rotor 3 is consistent on
the advancing side and on the retreating side.

[0050] A rolling moment (3 (see the circular arrow 3 in
FIG.5)is generated such that the entire airframe is raised
on the retreating side and lowered on the advancing side
of the rotor 3, as shown in FIG. 5.

[0051] Inthis phenomenon, the rolling moment B is var-
ied depending on the flight state such as the flight speed
of the compound helicopter or the rotation speed of the
rotor 3. Thus, in order to keep the attitude in forward flight,
itis necessary for the pilot to make corrections in maneu-
vers according to the flight state.

Configuration of Flight Efficiency Improving System for
Compound Helicopter 1

[0052] In order to deal with the above problems, the
flight efficiency improving system for the compound hel-
icopter according to the present invention is configured
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as follows.

Configuration as Countermeasure for Problem 1

[0053] In the present embodiment, concerning Prob-
lem 1, the cyclic pitch control of the rotor 3 in forward
flight of the compound helicopter 1 is not performed so
as to allow a difference in the lift L3 generated by the
rotor 3 between the advancing side and the retreating
side of the rotor 3, or performed to an extent that does
not completely eliminate the difference in the lift L3 gen-
erated by the rotor 3 between the advancing side and
the retreating side.

[0054] In a configuration according to the present em-
bodiment, in forward flight of the compound helicopter 1,
the operation amount of the cyclic pitch control of the
rotor 3 is reduced from the usual amount (or not per-
formed) as the angle of attack of the retreating blade 3B
of the rotor 3 is reduced from the case where the usual
cyclic pitch control of the rotor 3 is performed (where the
lift L3 is almost consistent on the advancing side and on
the retreating side).

[0055] As already described as Problem 1, in the case
where the cyclic pitch control is performed in the rotor 3
in forward flight of the compound helicopter, the aerody-
namic efficiency of the rotor 3 is reduced and the lift-drag
ratio (L/D) of the rotor 3 is reduced compared to the case
where the cyclic pitch control is not performed. Additional
power is required in the rotor 3 to compensate for that.
[0056] However, in the configuration according to the
presentinvention, the operation amount of the cyclic pitch
control is reduced from the usual amount, the additional
power required by the cyclic pitch control in the rotor 3
is reduced or canceled, and the flight efficiency of the
compound helicopter 1 can be improved accordingly. The
flight efficiency in forward flight is improved in the com-
pound helicopter 1 as described above.

[0057] In the configuration described above, a differ-
ence in the lift L3 is allowed between the advancing side
and the retreating side of the rotor 3, and the lift L3 gen-
erated by the rotor 3 on the advancing side is greater
than the lift L3 generated on the retreating side, to which
explanation is given later.

Configuration as Countermeasure for Problem 2

[0058] On the other hand, in the present embodiment,
regarding the aerodynamic interference on the fixed
wings 4 by the downwash from the rotor 3 in Problem 2,
the fixed wings 4A and 4B on the left and right are asym-
metric so as to reduce the influence of the aerodynamic
interference between the rotor 3 and the fixed wings 4.

[0059] As the fixed wings 4A and 4B on the left and
right are asymmetric so as to reduce the influence of the
aerodynamic interference between the rotor 3 and the
fixed wings 4, the decrease in the lift L4 of the fixed wings
4 due to the downwash from the rotor 3 is alleviated. The
aerodynamic performance of the fixed wings 4 then ap-
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proaches its optimal.

[0060] The additional power required to compensate
for the decrease in the lift L4 of the fixed wings 4 can be
suppressed, and the flight efficiency of the compound
helicopter 1 can be improved accordingly.

[0061] The flight efficiency in forward flight is improved
in the compound helicopter 1 as described above.
[0062] AsshowninFIG.4,theinterference on the fixed
wings 4 by the downwash generated by rotation of the
rotor 3 affects more on the fixed wing 4A corresponding
to the advancing blade 3A of the rotor 3 (the left side of
the aircraft in FIG. 4) than on the fixed wing 4B corre-
sponding to the retreating blade 3B of the rotor 3 (the
right side of the aircraft in FIG. 4).

[0063] Therefore, inthe presentembodiment, the fixed
wings 4A and 4B are asymmetrical so that the fixed wing
4A on the advancing side is less susceptible to the inter-
ference by the downwash from the rotor 3. Hereinafter,
exemplary configurations are described in detail.

Configuration 1

[0064] For example, as shown in FIG. 6A, the fixed
wing 4A on the advancing side of the fixed wings 4 on
the left and right of the body 2 of the compound helicopter
1 may be formed to have a smaller length S in the wing-
span direction than the fixed wing 4B on the retreating
side of the fixed wings 4, and the fixed wings 4A and 4B
on the left and right have lengths S in the wingspan di-
rection different from each other.

[0065] With that configuration, the fixed wing 4A on the
advancing side has a smaller area than the fixed wing
4B on the retreating side, and the fixed wing 4A is less
susceptible to the aerodynamic interference from the ro-
tor 3.

Exemplary Configuration 2

[0066] For example, as shown in FIG. 6B, the fixed
wing 4A on the advancing side may be formed to have
a longer wing chord (chord length) than the fixed wing
4B on the retreating side, and the fixed wings 4A and 4B
on the left and right have wing chords C different from
each other.

[0067] Also with that configuration, the fixed wing 4A
on the advancing side has a smaller area than the fixed
wing 4B on the retreating side, and the fixed wing 4A is
less susceptible to the aerodynamic interference from
the rotor 3.

Exemplary Configuration 3

[0068] For example, as shown in FIG. 7A, flaps 41 re-
spectively provided on the fixed wings 4 on the left and
right may be configured to be controlled such that the
flap 41 on the fixed wing 4A on the advancing side is
raised as shown in FIG. 7B and the flap 41 on the fixed
wing 4B on the retreating side is lowered as shown in
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FIG. 7C, which makes the airfoils of the fixed wings 4A
and 4B different from each other.

[0069] In that case, the airflow on the upper surface
side of the fixed wing 4A gets faster with the flap 41 being
lowered, but the downwash from the rotor 3 (see FIG. 4)
causes the turbulence of the airflow to be harder, and
the fixed wing 4A is more affected by the aerodynamic
interference by the downwash from the rotor 3.

[0070] However, the airflow on the upper surface side
of the fixed wing 4A gets slower with the flap 41 being
raised as in Configuration 3. Thus, even when the airflow
is turbulent due to the downwash from the rotor 3, the
extentof the turbulence of the airflow is smaller than when
the airflow is faster (with the flap 41 being lowered).
[0071] With Configuration 3, the fixed wing 4A is less
susceptible to the aerodynamic interference caused by
the downwash from the rotor 3.

[0072] Two or all of Configuration 1 to 3 can be com-
bined with each other.

[0073] As the magnitude of the aerodynamic interfer-
ence caused by the downwash from the rotor 3 is varied
depending on the flight speed and the like of the com-
pound helicopter 1, the length S in the wingspan direction
(Configuration 1), the wing chord length C (Configuration
2), and the extent of raising the flaps 41 (airfoil in Con-
figuration 3) may be changeable.

Combination of Configurations as Countermeasures for
Problems 1 and 2

[0074] In the flight efficiency improving system for the
compound helicopter in the present embodiment, it is
possible to suppress the additional power required by
the cyclic pitch control in the rotor 3 (countermeasure for
Problem 1) and the additional power to compensate for
the decrease in the lift L4 of the fixed wings 4 due to the
aerodynamic interference on the fixed wings 4 of the
downwash from the rotor 3 (countermeasure for Problem
2) by combining the configurations as the countermeas-
ures for Problems 1 and 2.

[0075] The flight efficiency in forward flight of the com-
pound helicopter 1 can be improved accordingly.

Solution of Problem 3 in Above Configuration

[0076] Inthe presentinvention, as shown above as the
countermeasure for Problem 1, as the fixed wings 4A
and 4B on the left and right are asymmetric so as to re-
duce the influence of the aerodynamic interference be-
tween the rotor 3 and the fixed wings 4, the lift L4 gen-
erated by the fixed wing 4B on the retreating side is great-
er than the lift L4 generated by the fixed wing 4A on the
advancing side in the compound helicopter 1 as shown
in FIG. 8.

[0077] Thus, in the present embodiment, in forward
flight of the compound helicopter 1, a rolling moment y
(clockwise in FIG. 9)is generated by the fixed wings 4A
and 4B on the left and right in the airframe of the com-
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pound helicopter 1 as shown by the arrow y in FIG. 9.
[0078] On contrary, in the presentinvention, as shown
above as the countermeasure for Problem 1, as the op-
eration amount of the cyclic pitch control of the rotor 3 is
reduced from the usual amount (or not performed) in for-
ward flight of the compound helicopter 1, the lift L3 gen-
erated by the advancing blade 3A (the rotor 3 on the
advancing side) is greater than the lift L3 generated by
the retreating blade 3B (the rotor 3 on the retreating side)
concerning the advancing and retreating blades 3A and
3B of the rotor 3 in the compound helicopter 1, as shown
in FIG. 9.

[0079] Thus, in the present embodiment, in forward
flight of the compound helicopter 1, a rolling moment &
(counterclockwise in FIG. 9) in the direction opposite to
the rolling moment y is generated by the rotor 3 in the
compound helicopter 1.

[0080] In the present embodiment, as described
above, the rolling moment y due to the lift L4 generated
by the fixed wings 4A and 4B and the rolling moment §
due to the lift L3 generated by the advancing blade 3A
(the rotor 3 on the advancing side) and the retreating
blade 3B (the rotor 3 on the retreating side) on the re-
treating side of the rotor 3 are in the opposite directions
and cancel each other out.

[0081] Thus, asthe operationamount ofthe cyclic pitch
control of the rotor 3 is adjusted so that the moment & is
generated and cancels out the moment y generated by
the asymmetric fixed wings 4 (namely, the moment § of
the same size with the moment y in the direction opposite
to the moment y), it is possible not to generate a rolling
moment in the aircraft in forward flight of the compound
helicopter 1, solving Problem 3 described above. Then,
it is possible to keep the attitude of the compound heli-
copter 1 in forward flight without the pilot making correc-
tions in maneuvers.

[0082] In other words, in the flight efficiency improving
system for the compound helicopter 1 in the present em-
bodiment, the fixed wings 4A and 4B on the left and right
of the body 2 are different from each other in the length
S in the wingspan, the wing chord length C, and/or the
airfoil so that the rolling moment y due to the lift L4 gen-
erated by the fixed wings 4A and 4B on the left and right
of the body 2 and the rolling moment & due to the lift
generated by the rotor 3 on the advancing side (the ad-
vancing blade 3A) and on the retreating side (the retreat-
ing blade 3B) cancel each other out, as shown in FIG. 9.
[0083] As described above, the moments y and 5 are
varied depending on the flight state such as the flight
speed of the compound helicopter 1 or the rotation speed
of the rotor 3.

[0084] Thus, asthe operationamountofthe cyclic pitch
control of the rotor 3 may be adjusted according to the
flight state such as the flight speed of the compound hel-
icopter 1 and the rotation speed of the rotor 3, itis possible
to maintain the state where the moments y and 3 cancel
each other out even when the flight state is varied.
[0085] As the lengths S in the wingspan direction, the
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wing chord length C, and the airfoils (the extent of raising
the flap 41) of the fixed wings 4 (especially the fixed wing
4A on the advancing side) are changeable, it is possible
to maintain the state where the moments y and § are
canceling each other out even in different flight states by
suitably combining the adjustment of these parameters
and the operation amount of the cyclic pitch control of
the rotor 3.

[0086] Thus,itis possibletokeep the attitude in forward
flight of the compound helicopter 1 even in the case
where the pilot does not make corrections in maneuvers.
[0087] Although some embodiments of the present in-
vention have been described and illustrated, the dis-
closed embodiments are made for purposes of not limi-
tation butillustration and example only, and modifications
can be made as needed within the scope of the present
invention.

List of Reference Signs

[0088]

1 compound helicopter
2 body

3 rotor

3A advancing blade

3B retreating blade

4 fixed wing

4A fixed wing

4B fixed wing

5 vertical stabilizer

41 flap

100  compound helicopter
101  fixed wing

102  rotor

A lift

B lift

C wing chord
L lift

L3 lift

L4 lift

S length in wingspan direction
o direction of rotation

B rolling moment

Y rolling moment

1) rolling moment

Claims

1. Aflight efficiency improving system for a compound
helicopter (1),
comprising a rotor (3) and fixed wings (4),
wherein in forward flight of the compound helicopter
(1), the flight efficiency improving system is config-
ured not to perform a cyclic pitch control of the rotor
(3) so as to allow a difference in lift generated by the
rotor (3) between an advancing side and a retreating
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side of the rotor (3), or the flight efficiency improving
system is configured to perform the cyclic pitch con-
trol to an extent that does not completely eliminate
the difference, and

wherein the fixed wings (4) are provided respectively
on left and right sides of a body (2) and are asym-
metric to each other so that influence of an aerody-
namic interference between the rotor (3) and the
fixed wings (4) is reduced.

The flight efficiency improving system for a com-
pound helicopter (1) according to claim 1,

wherein the fixed wings (4) on the left and right sides
of the body (2) are asymmetric to each other so that
lift generated by one of the fixed wings (4) provided
at the retreating side of the rotor (3) is greater than
lift generated by another of the fixed wings (4) pro-
vided at the advancing side of the rotor (3).

The flight efficiency improving system for a com-
pound helicopter (1) according to claim 1 or 2,
wherein the fixed wings (4) on the left and right sides
of the body (2) are different from each other in at
least one of length in a direction of wingspan, length
of a wing chord, and airfoil so that a rolling moment
due to lift generated by the fixed wings (4) on the left
and right sides cancels out a rolling moment due to
in the lift generated by the rotor (3) on the advancing
side and the retreating side.

The flight efficiency improving system for a com-
pound helicopter (1) according to claim 3,

wherein the compound helicopter (1) is configured
such that atleast one of the length (L) in the direction
of the wingspan, the length of the wind chord (C),
and the airfoil is changeable.
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